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1. ..-^-.r 

This program has continued the evaluation of two unique GW 

ccnflguraticna (diffuser-recirculation and dliYuser-plenuB) conceived by 

this contractor and originally disclosed in Heference 1.    The prine 

emphasis under this contract .-.as been to investigate a:.d document the 

perfomance and stability character!    .        :' "he two conc^ts, and to 

determine means of ac      ring the renuired positive stability character- 

istics.    This inv    • n -.as keen acconplishod wit". ?-iLnenrional nodel 

• ;iies. stability been denon- 

Q ,  fn?< - "   -odel   t<   ■   . 

S'a'ic 3-dinensic: ive docur.« • er- 

•cc rf -t:. Ifurn* ion rf the cririnnl concept« 

Trie   3—iinenrional rodel fa'ir •    •   : •'■• rf/he dif fuscr-rlenum IHK in- 

:•    - . • r per squire foct of t!aP 

can .   •.■   a planfcrr. loi Lng    f 20 psf. ■ .'.ccretical 

perron ■ .     lir.ed v;:t;. iration is    .  '.    A 

concerted effort to inprcvo diffuser efficiency, which was not made 

under this ;rc,-r    , wruld . ult in superior performance.    The 

ff-desit'n nover perf m-mce is :\l?c I    1. 

Da" a is ted which   iercri: es the c'.aracteristics of the 

diffuser edpe real and exit pap as connonents of the "»EM.    This data 

describe vor j   ••'''Tr^.^vri>)  thp nit.rb i^H  ■»•,••■   pt.ahility cliaracter- 

istics, the lifti »».' efficiency, the diffuser efficiency,  the diffuser 

pressure rise aud e   ;cntinuity parameter, which is the ratio of cüffuser 

exit flow to the flow surrliod to the diffuser. 
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2. lyrRc^vJTiow 

Hiller Aircraft Corp., under this progrtm, has Inveatlgitdd 

ti»o OW concepts ^dlffuser-reclrculitlon «nd dlffuser-plenun) which 

h«v« potentlil  for «chlevlng efflclen», high-speed trwsportntlon.    Aa 

orlt'lrnlly conc#lv«!, (Hef. 1) both of these concerts operate In part 

•s open t>po«t wind tunnels where the scaled peripheral .'«p represents 

the tunnel "lest section".    The Uiffuser-reclr-ulatlon concept »».«y be 

thought of i.n H "retorn-type" tunnel, I.e., no working fluid loss  md 

fan pr se «»nuals pressure losses In 'he circuit.    The diffuser- 

rlemm concept nay be thought    f   is a "non-return-type" tunnel.    Both 

concerts in» shown in Fig. 

The   :iff .ser-recirc     ition co; the ultimate In hover- 

ro row«>r:  In the Ideal ca:;e.    This  assumes zero friction 

and working fluid loss.    Frlctlor   losses  ire unavoidahle, but with 

^ffi-it^nt dirt and -n the resultant hovering performance is 

sur-'rior to conv- • ■ .   na]    y  "-ms. 

The diffi;ser-plenuni concept does not conserve Us b^sic jet 

«n^rgy,  hut tnnss How requirements ire considerably lower than in the 

rocirculat in,' concept because the air surrly seals the peripheral gap 

twice,   w influx v\d r\r, "flux.     'In Ref.  1  It   is phown to be theoretical- 

ly possible to reduce its miss rlow to one-third that of the conventional 

plenum-annular nozzle (C    - 1) or the diffuser-recirculation concept.) 

This concept also has the advantage of an unbalanced reaction in the for- 

ward direction, which provides a propulsive force as a free byproduct of 

the lift-producing system.    This combination results in slightly superior 



perfonwnc© th«n that obtained with 4h« dlffuser-r«clrcul«tIon concapi, 

2,1 r»gcriptlon of Corcepta 

Th« hovering perfopmtnce exprecslona, «which we suwavlted 

In Fl|?. 2, were deriv. :  •   r  "       :*•'' sor-reclPcuUtlon concept,  the 

dlffueer-plenu« concept, and "he conventional plenum concept,'and origin- 

ally presented In Reference 1.    The derivations are ,/lven In, "he Appendix 

of Reference 1.    These oxprca.-uons aescrlo« the required fan pressure rise 

ttd mass flux rarcnet^r f r •    «ring flight at  the design point In terms of 

the planform loading (l»/k ),  the associated loss coefficients, and other 

pertinent variables.    It vlll be r.oied that ttie mass flux parameter Is, 

In act.allty, the quantity oX flow rer unit of sealed pap area.    The Air 

•orsepow^r • arametor, which tiroperly compares the systems.   Is the product 
e 

of the fan pressure rise and ma»s flu* r«rameter. 

2.1.1 :»ifrus»r-:leclrcu!:»t,Ufl Cont^at 
■ ■      ■        » 

In the analysis of this concept, the entire ^ap or diffuser 

inlot Is assumod to be oxaclly filled by the horizontal j^t.  I.e.,  the 

static rr^-.re across tfi» ^af .Is e'Jiltl to ambient pressure.    The .i^t Is 

•hen diffused betwfvri •h# ^rrw.nd rur^aoe and lower S'.irface of the 'EM to 

convert  its kinetic energy   »iymnic pressure) to potential energy (static 

rressure), Fi^. 1,    This static pressure is arrlled over the base area to 

produce  the lift force.    Air from the rrersirized zone is then recirculated 

by a nmall pressure boost with the fan to overcome 'he friction losses 

and the slight residual velocity head loss due to the finite expansion ratio 

of the diffuser.     'The assumption that residual velocity is a complete 



• 

loss mny b« overly consepvitlve.) 

This analysis shoiwd that th« concept arrroached the ultimate 

In lift effectiveness in "he ideal case ^r.o pressure rise required once 

cir-ulatlon Is established) ^y virtue of 'he factV.at the Jet energy I« 

conserved. -,   ••.e mass flux required equals that of the conventional 

plenum ch?r. T    n in the Ueal     i    .       Ir. ^eneril,  the Ideal 

v-  :     i^fined v Ln which fhere are no friction losses, the escaping- 

•     i rlowi' :   'C    • 1),  ar.d ar in^lni'e   tirf^ser expan- 
c 

■    ■ '• 

In t ,   :•   -i    T    jned ■          -   llclty   "hat continuity 

i    -ilnMln-d  • •               ' - without efflux or influx.    However,  in 

i rrajtiral   •*• • ^ i T ;  • f this crnr*»rt,  it is likely that 5n*ke-ur ilr will 

he re          I.    Thir  dir by ^r   •»; iliary  ''an Inst^ll^d to 

Lntr            »ir Into »he rress :rized zon^ from the »wbient.    Another 

vir T                          • ■        (-•     ij   -x.r with v.         ■'   r  '   't . 

2.1.2 rfus^r-! 

^xaminal    n of »he exn ) derived for 'his con- 

■•   reveal«   that  'h"   • : i-xr'*• - is • f   -squired for the con- 

il rlmum concert  -.^on  ♦he perirheral .rnp Is  flowing full  (contraction 

cbofficient enuals 1   .    The required fan rresrur» rise has been increased 

irrroxin-Vely by the  factor or one minus  the sum of  the Ions coefficients 

(1 - K. ) or to the same value is the conventional rlenum concert.    Further 

ex-ynination of ^he expression In Fix. 2 indicates that if means are em- 

ployed to reduce the outlet gap contraction coefficient to 0,5 in both 

concepts,   the mass flux parameters of the diffuser-plenum concept ^re 



I 

I 

I 
reduced to 1/3, «nd the conventional plenu« chwber Is reduced to 1/2 

of that which result» fro« »he peripheral »?«p of the conventional plenun 

concept flowing full (C   • 1). 

In «ddltlon to the «dv«ntage of • reduced nass flux, • 

horUon"«! propulsive thrust Is obtained fron the unbalanced portion of 

the osctplng jet that opposes the diffuser Inlet.    This thrust If a free 

by-product of the llft-produclng syste«.    Referring to the expressions 

of Pl^. 2 In the Ideal ewe «C    • 1),  «id with unlfom ground clearince, 

the thrust  I" enu«l  to twice the rlanform loading multiplied by the 

unbalanced area.    As may be se«n by examination of 'tyj expression In Fig, 2, 

the effect    f  the contraction coefficient  Is  to decrease the horizontal 

thrust while 'he loss coefficient effect is nil.    The red .ctIon In mass 

flux, : r       tlcn    f free forward "hrust,  and «Jtillzation cf the high 

velocity - •    lirectly from the  fan without rrlor diffusion and contraction 

give this c<ncerl  the potential  for  improved performance over exlralnf 

systems. 

Fig, esents grarhic«:'.y 'he hovering rerforrance ex- 

rresnlons of Fig, 2. The urrer riot shows the renuired ran pressure rise, 

the mid :le riot ^ives the masn rli!x parameter, and the lower one indicates 

the air horsepower p^r unit sealed ,:^r area. Th&se parameters are plotted 

versus  the pi an form loading. 

The shaded  areas  indicate  'he rrobahle regimes of the specified 

cycles.    The curved arrows represent the regimes of the annulIT nozzle con- 

figuration.    The data points indicate  the results of the work which formed 

the basis for tnis ONR program. 
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3. DISCUSSICII 

HUI«!*'« rr«-contr«ct work rrovld«d «denunt« docunentatlon 

of ?h« hovepln^ r^rforMnc« of the origin*! coneepti ccn^ldtrlng th« 

8Ht«-of-th«-knowledg#   f    *" BinbMHy chartctorlstlea «t the beginning 

of the progrw.     'onseauently, the mnjor effort un^er this contract haa 

been directed toward Investigation and documentation of the stability 

characteristics of the two concert» In hover and forward flight, and 

the attainment of the required positive stability characteristics.    More 

complete hovering :-rf rnance ww obtained aa a by-product of the 

stability Inv- ion. 

An experiment«!  s'udy was cond^ted uaine.  two-dimensional 

models with both free-floaT in«? «id rlx^d ground boards 'Figs, h through 

'),  and thr^e-dlmenslonal TSM models rowered by model airplane engines. 

The most sorhls• Icated model    DP-'O Is shown In FUTS. 6  through 11.    Ar- 

propriatt» ma'h^na" leal  analyses w*»re -".ade In s-irrort of the experimental 

program. 

3.] Concert ?<odiricaHons 

Four concert modifications w^re evaluated in this study.    They 

are listed below with their specific contributions to the stability of 

the system and are  illustrated in Fig. 9. 

1.    Forward Lip Droop 

Forward lip droop prevents the diffuser inlet 

from completely closing when the ground clearance 

goes to zero.    This insures uninterrupted flow to the 

plenum chamber. 



I 
2. Initial Jet Angle 

The initial Jet w»gle control» the Jet's lift 

reaction which contributes to positive stability, 

and also controls, to a large extent,  the anount 

of reverse flow. 

3. '/wr.tilatlon of the Diffuser Inlet 

"he ventilation of the    ifuspr lnl*»t greatly 

reduces  the negative b?»3e pressure generated 

by :,©moulirs .•f.-c  won the dlfruser Inlet 

drops helow the height eeual to the Inl'lal 

•   ihlckness. 

U,    Hlxlt Qap jeometry 

A trailing flap applied to the exit gap of the 

dlff-isor rlenum configuration produces a very 

stable < lernent at that point, and elimlnaies 

unstable coupling between  the diffuser  inlet  and 

"xlt .-v. . 

3.2 Dlffuycr rlenujn Concept 

The initial emphasis was placed on the  achievement of suit- 

able stability characteristics with the diffuser plenum (DP) concept 

because of Its potential In forward flight. 

3.2.1 Two-Dimensional  (2-D) Program 

3.2.1.1 Experimental Apparatus and Procedures 

The two-dimensional or component model used in these  tests 
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I 
wtB Bupplled Mith >ilr kj V1710 Allison superchArg^rs M required to 

•4lnt4lji a base pressure ^diffuser exit pressure) of 20.8 p«f.    This 

vülue was nalntalned throughout  the test rrogrw.    Fig. h^ shorn the 

basic conponent nodel.    The model was tested In an Inverted attitude to 

p«mlt nualltatlve  ittbillty observations with a floating ground board. 

ThÄ  ''orward Up sh ?wn Installed In this figure gives an Initial Jet 

*ngle (9) of 90°.    Fig. U shows the model Ins**1led on the tlr supply 

djct.    Th»» tost ♦^chni'-lan Is nd/ustlng 'he forward Up droop with the 

"0 ■ 61 " forward Up Installed.    Fig.      shows the model and the mwiometer 

ran^l with oat a .-©cording cwra at the far right. 

A stand«:*d • • arp-origed orifice was used as the primary flow 

met«r In the supply duct urstream of the moiel.    The necessary pressure, 

•.©mpora' ire and area measurements were -sade to determine accurately the 

flow rate of tir supplied to the model.    The total supply presnure 

P.   ), which represents the required fan  total discharge pressure, was 

measured upstream of the .let nozzle (at floor level in Flg. U) In the 

12-inch-diameter «-upply duct.    The total .^xit prearure ^P    ) was measured 

downstren of the sharp-edged outlet gap of the model.    A total pressure 

probe fP    ) wi55 installed forward of the model to Indicate the presence 

of reversed flow from the inlet.    Fig. 12 locates these points of measure- 

ment.    In t\e first 2-D test  series only model base static pressures were 

determined;  in the second 2-D series both ground plane and model base 

static pressures were measured.    The static pressure tap locations are 

shown in Fig.  12. 

All pressures were simultaneously recorded photographically. 
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k typical photo is shown In Fig, 13.   Th« prossur« distribution diU 

was reduced to useable fom bj projecting the photographed data direct- 

ly on graph raper of the proper scale.    The Image was then traced on the 

graph paper for further analysis, and pressure-area calculations were 

made for the detemlnatlon of pitching moment and generated lift.   These 

tracings are pr#sent©d in Appendix 2. 

The model exit gap wis calibrated as a flow meter under 

actual t*»st conditions 30 'hat mass flow lost either by reversed flow at 

the diffuser inlet or by venting could be determined.    The calibration 

is tabulated belowt 

Rear Ground Clearance Exit Area :. 

1 r 
T 

Agr'fu2 

0.0336 .0953 .Ii65 

0,01461 .131 .615 

0.0568 .161 .625 

0.0665 .199 .659 

0.0798 .226 .679 

0.0906 .257 .679 

where C.    •   -,~ 
w e 

actual 

theo 

"w                ■ w e actual       s 

w ^   - gp A  V 
e theo    ' e gr e 

■CV^ 
This tabulation shows an unusual characteristic in that the flow coef- 



flciflnt drops to «n ibnormtl VHII» ** y 0t 0»0336.    A study of ih» 

static pressure distribution at this test condition reveals that such 

a coefficient can b«» attributed to the highly turbulent flow which exists 

In the plwnu» charter. 

Fig. lii presents, for covenlcnce, the relationships between 

rear gap clearance and ground clearance at the various test conditions. 

This figure also rermlts correlation to be *.ade between the discharge 

coefficients and -y,  the front ground cletrtnce. 

The primary nozzle exit ilmenslons  fdlffu3*»r lnl«»t dimensions 

at the design condition) were C,T'> in.  ^l) by 18.3 In.    The 0.75 dimen- 

sion represents the ride wall area, and the 16.3 dimension the ground 

ioard area,    flnce the former dimension w^s much lean than the 18.3 Inch 

dimension,  side w»»!! effects wore ne<?li^lle.    One side wall was construc- 

ted of Formica and the other of Plexiglas to reduce side wall friction 

further.    The model base was constructed of aluminum and finished with 

liOO grit, wet-or-dry ;ri:»'r;  'he ground hoard was constructed of unfinished 

plywood.    The rigl      nd !   ir :    •   wn in Fig. Ij was used in quantitative 

fixed f^roun-:   !   nr :  Le; A lightweight,  loosely fitting, floating ground 

board was used In the tests conducted for a qualitative appraisal of the 

stability characteristics. 

The rear i?ar ^h  , A    ) w™ set  to give the minimum reverse or r     gr 

pumping flow at  oqch b-mic test condition  (Y/f, 6, vented or unvented) 

H+y 
with the diffuser inl^t height (—t-) eoual to the inilial .let thickness 

(G//).    This flow condition was monitored by the P.    probe and flow vis- 

ualization techniques.    This value of h    was used in each pitch case,  and 
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i is the starting point for euch heave caae. 

3*2.1.2 gxperlwental Progrw (2^) 

The Ini'lal series of tyo-dlnenslonal teat«, using a free- 

floating ground beard, wore largely qualitative In nature,   Thla aerlea 

Indicated that strong negative sUWllty 'rltch and heave) charncter- 

Istlcs existed tt the diffuser Inlet.    In an atte«pt to overrone thla 

problem, the effects of venting the diffuser Inlet to ataospherlc pres- 

sure and of manlrulatlng forward Up geoin-try were evaluated.    With the 

ground heard fixed, model base s .rface treasure distributions were 

obtained for various front lip geometries, with and without ventilation 

of the diffuser Inl^t,  along with the oth-r  :ata mentioned In previous 

rar «graph  V. 1.1. 

Thlr test serlo«: Indicated that manipulation of the forward 

lip geometry (that is Ö and Y,  nee Fig. 1?) and venting of the diffuser 

Inlet tended lunlitatively to result In desirable stability character- 

istics.    However, detailed analysis of »he model base pressure distrl- 

hutions  failed  to support  this observation.    It  Is believed that thla 

contradiction ws»s due to the lack of detailed knowledge of the primary 

jet contribution.    The qualitative observations made in this test series 

gave sufficient encouragement to warrant the construction of a small 

three-dimensional model using the diffuser-rlenum concept and incor- 

porating the geometry evolved from the two-dljnensional tests.    The re- 

sults of model (DP-3) tests are discussed in detail in paragraph 3.2.2. 

The second test series added considerably to the knowledge 

of the concept.    The notable difference between this series and the 

10 



pr«viou» series «w that this series »»«sured both the »odel b«se and 

ground plane static pressures, whereas the previous Measured only the 

model base pressures.    The ground plane static pressures Include the 

eff-ct of the rrlamry jet.    In this series two different modes of opera- 

tion were studied:    In the first, the ground plane «as adjusted to 

simulate heave n^cve and below the basic h wd h   described In paragraph 

3.2.1,1 (Henv« Case), and In the second, the exit gap area (k    ) was 

maintained at a constant value U.e., the ground plane was pitched about 

the exit flap of th-      '     -lor-pl^num concept - Pitch Case).    This latter 

case Is also arpllc^ble lo the dlffuser-recirculatlon case.    The data will 

be clscuased from the viewpoint of the diffuser-reclrculatlon concept in 

raragraph 3. ^ 

3.2.1.3 :ata Presentation rhilo8ophy  f2-D 

The 2-:  da'a analysis rhilosorhy Is as follows:    The dif- 

fuser sy tern wir const ier^d as the m^ans or sealing the perirheral fap 

around md b*>n'ath a "»W of any b«se area;  the component model is a two- 

dimensional slice of this edge seal.    The iifr'iser-plenum model's exit 

r   represents the  total exit area of a three-dimensional configuration, 

which nay have this exit  irea distributed over 3 sides of the vehicle 

depending on the detail  resign. 

In the test rrogvm the air power input to this edge seal 

was varied  (and mea.sured) as required to achieve a constant diffuser 

static exit pressure  (i.e., base presp'ir*») nf approximately 20 psf 

(h inches of water) over the range of ground Clearance tested with the 

various geometrical variations. 

- 
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All of the 2-D data presented la plotted «gtlnst the ground 

cle»r»nce h// «©«aurod «t the fomwd Up (aee Pig. 12).    In addition, 

selected da'a is plotted againat the diffuser inlet ground clearance 

f     to denonaträte the general dependence of the specific data on this 

parameter.      All data la rreaented as a function of the rorward lip 

droqp,  (Y/f) and Initial .let in^le, 0.    Alao Included aa reference for 

each baalc data parameter 'pitching moment, diffuaer efficiency, etc.) 

Is a similar c :rve of  the bw ic data puramet^r for the unmodified con- 

cept (i.e., Ö • ' t0,  '{/> • 0,  unvented   lifr-jaer). 

The relationship h^twe^n the ii^^n^lonleaa ground clearance 

(h/')  ind •        .-••nsionless forward Up drcop '?//),  for —^ • 7 fthe 

design rclnt),  Is tinulated below: 

' h// for l^i - ^ 

0 .03lil ■ 

. .C227 

.0170 .0171 

It will bP noticed that the various data will tend to become optimum 

at these appropriate values of ^rund clearance. 

Th^ pitching moment Is taken about the apparent diffuser exit. 

The apparent diffuser exit is defined as that point along the diffuser 

where the static rressur    enuals 95 percent of the exit static or base 

pressure.    This point wis established at the test condition requiring the 

greatest diffusion length,   »id was maintained constant throughout the 

data reduction. .To non-dimensionalize the pitching moment,  it is referred 

]? 
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io the diffuser lenfth (/), Mhich !• the flsttnee fro» the «ppvent dif- 

fuser exit to the point representing the femurd edge of the diffuser 

inlet vent, Mrt •*   %m iii% f«rce generated by the diffuser*   The sense 

of the iiopent is conventional:    positive, i»<we up.  ^Refer to fig. 12). 

3u.l.ii Dlscusfllon    T    »stilts  ^-D 

3.2,2.!..l ••••■  :   • thing jj gw] 

The r. n-eijnenaionslised fom of  the pitching aonent, which, 

in effect, i.i the eenter-of-preflnure location forward of the reference 

point expfpsjed as a fraction ef the dlf'aer length,  f, is presented for 

the heavq ease in Fig. 15 wd for the pitch case in Fig. 22.    Notice In 

the heave case, with 0 • ^ I0,  that the effect of venting becomes apparent 

at low tT  .: :        vances.    Forward llr droop has no apparent significance 

at ö ■ 90   or at the other values of 0.    Further examination of Pig, 1^ 

lr.tlcales imrroved stability due to decrease in >et angle.    These 

result? Rr» contrary to the oualitative observation« which Indicated that 

leading *»dge droop entfal to a r.ininum of liO percent of the initial .let 

thickness w^s renutred to achieve roiltlve stability throughout the entire 

operating regime.    The same general trends are seer to hold for the pitch 

case (Fig. .2'. 

3.2.lJu2     lilffu^er lift Sffectiven^   > «and Heave ätabllity) 

Tti» dlfurier lift effectIVene?« <• ;rv<j3 describe two character- 

is ticg.    First,  tHe lifting efficiency of the dif/user is expressed as a 

ratio of its gefleratad Jift» to the lift which wuld be prcduced If the base 

pressure  (diffuser exit static pressure) were applied to the entire 

i3     . 
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am be ffontidered the r«citiifed lift, since (lit bas« prgftur« (K ) If 

t'M eoralflr.t,    T?H lie«ve cast If rreMnted in fj^.  l/b and t*« ^U?ik 

case In Flgt 23.   *iudjr of th»8e f Igur««» irlll ti.^ i^nllc urte^t 

ffinilar to those »een on the pitching »oiwit clitri1»»«!«*!*»^ »ll.C'^y*! 

previously for 6 * 90°.    The effect of 0 u uOi th« sant «s on tht 

pitching moment (htracterlslic. • -1!      ♦ d uf 64-xp is Tyiv it 4 

from the pitching -wment ewe. 

The diffuser efficiency Is rresent*! as Uie r»tto of OJlt 

total pressure to the supply teul rr-        *,      -».* r-tlo c,»flj*«» liio 

energy remaining In the  'el «fter-belng dlffVeJ lo Til"* »h*,' b ^« |C*r'* 

sure and then rsaccelerated out  the r*»ar g«p.    XHtd dtl« la rresarled lo 

Figs. :     and 16 ror the heatro ©sise «id In ?b lor the feltoh oaat.    In thj 

h^ive ca.ee t^e diXftlser «lll'lency Is plotted agal&st the ^ Tf-Jur IrVt 

ground clearance (^Y)/' Tig. 16    ar well M th« ground olvarancu hA 

7).      hese dupjicate plots demonstriU the depooder.eo of the «yjlem 

characteristlos en the difu^ar Inlet ground elearan^o«   Xt vlll ba noted 

from th* cMrv«s deBcrlÖltiß tüa imvo casa that Tenting eauftts th* ntrvos 

to ivak »«re »)virp3y afll also reverses Uic «.fj'cet of droop, /^f l«o«9 

^rxiciency deoxea0«j vllh Increasing droop vlon Vuntcd, vhila it tucruu^r 

vith lncr§«slt'g dr^p vhen «nvQ&tecl«   Ihar« if r» Agnlflcanl efrect due to 

9 In the heave Case. 

Ill 
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I UM Mi« 4 M i"t U'4 U i» .or u« pilch CA* , 71,. ?i.f 

*lwri an trpieeutt« tLOr^^M 1 *i'!M»*e t/fiol a./ vitn 4isr*- 1J^. 

0 is 9b^a.   VcntlAf ui to* pi* :h cw« rtsalia In «a tpiirMiAll*» efcrear« 

I 
la dlffostf «ffl l«rfly •< ♦»»• hl^h^j- TU^S of dro^p fcr 0 • 90°.   Tho 

trt&d viUi drcop at 0 • 01° ««4 12° i# not «tron^y d«timi, 

3*2.1«li.li    fl<w AvAiJ^lo f : :• : w^i d Propulsion 

Tfe flc^ 4"liibl«   o       vard r-opulaiw 1« n**** ^^ I' 

f!f. 19 lor tho ho^ro o** 9 «< ^ m n>    /$ for th* p*tcb oen«.   Thl? 

dtta Is pnc^nt^d %* th<* latlo   ;   -io f:oir rnta throv.'h th# cnllbrit*d 

•«It ^p oi  lh^ rcdrl to t>id flo* r^to surnll^J to nodjl.   Ja*un sunf», 

la »f'*ci   o eorlto tht dlvtrgvn.o   i ttio rartlctilar ocafi(ur"tlCB froa 

Ut ld*«Iuui t-l/lr%l ccncwft * d deslipi pot '•   I   iila eotiCwp» «völvot 

pre"«ar« mn ffsa^d to exist at tht dlffurw lnlc.tf «d con   TVfntlj, no 

rmv+n* or pnplne flew (courrtl.   rhla ''arvwUr his sl^lflo^rtl/ dlf- 

f*r^t c^u cttrl'ti^s Vetvi^n t*"* h-^ra and ntch CASO.   Frcprlj ccr- 

^Irln^ this fictor wltn th* diffuser efflclcnc/ factor d"fln«j Ua a««- 

i^jn ho.*l2cn*il Ir^e^rstad nropul-W« thruH avallthla to tho dlffnscr- 

pltturi cone pi. 

3.2.1«li.5    i'tffuter^Pfossttn» Pita 

AAU dlffMar rr»ssjre risa Is rw*nVd In Pis» 20 fcr tf^ 

haa^a oiao ard In Fir. 26 fbr thj pitch coco as tho ratio or *hi dlffusor 

adt atitle rr nsura fbtso rrcsstro) to total supply prostftro*   This 

pärartu or coiMplatas tho dojcrlpli n of tho flov syaUra.   It will ba noted 

that theaa curvea ^w« tha fama ^eriaral chnraotorlstlco as tho dlffueer 

i$ 
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•ffteltxgr cu*w. 

iht to/cnnj ptrforvvto« it rr«MAiod la Uma of ih*» air 

korwpo^cr («t at« l«v«l »ttx^r.i) r«,r unit setlcd gap araa corrtJl^i 

to » corutnt vilu« of dlifu.^r »fit atatie rrcaaor« (b«aa proatare). 

Ihla mi obt%in«o v 'olio •31 

Thla o^tt Ir rr^rtnt^d in Fl«. 21 for tha Iwar« ov^t and la 

FU. 27 for tha nlch coaa.   A« fnlirH h% vitlolifted, thiro ia a »sail 

lora la ffrf mvic^ r^vr-**)!« to wr.tlnf »he aifftoaar lirt»t»   In tho 

h#ar« cira ♦►# loff »»►iPÄÄihle tc d-oop la auoh ncre b*v#.r«.   Jntoroatln^l/ 

*nc*vl), In ♦h« rltoh e«»«, th-.M 15 cr^mtitlljr no loss chor^iMa to Irovp. 

It vill b* net lead t»%t rfith w - 900 and tho dlfuacr tiilat .enteJ, tho 

Rinl*u* pev^r .ecff wien h// Ic bach aa ♦o wiva a diffuser Inlat ground 

clavw^c a^vU tc «i/'»   Howev r, c-cra*««» ^* 0 t   32° d^crcises tha pcw«r 

ivrther frr nflncn rovi»r.   >a 0 U u«. »«« U) oi   h7, tends to axe«*'* 0//. 

The mlnlii'M ro^r In the jd ch öasa decreioes ^a -4- exceeds y 

\d*l.h.7    yfe'-t of TnlHJi £gt Ai le on Pi^Uaer Inlet ftov 

With 6 ■ 90   it ves p^Jbtblo to Ashieve no^llgivla reverse ur 

pvnpire flow.   At 0 - 61° or 32°, it vu not posaibla to achieve this tero 

er conic*» ry flov coniltion due to aplltting of tha jet vh «n it atrike» tho 

26 



ftcmtA flan«, louetvf» **. 9 • oow
# SI0 or 32°, t** »inlfi«. rtrfffd or 

p«raiA| f-0* ©-ou «id «t UM •»»' ««r cap »«tting (hf, A )• Ihlt v« 

fbttd to      trw v «th r t^ Clf:jcu* lilet vo TMitd er iwi* 

3.2,2 Th ^«Mr^palon«! (>-D) iUJe? TotU 

u i*ntion*d li paragraph 3«2«1.2# th« ratCU of th« InidAl 

2-0 Ust 8cri«a# vhleh IrKi'c^t.J uiat « tuhlo co-if^iratl     3oul4 b« 

•chit .«'• by •pp.oprUt« RCO^L.-1C-1 &djjtU*.nia, cav« silflcl nt enr^ur*''** 

nmt to •rcrwit ecnn^ruotioa cT « rwdl 3-<llr*n3icnnl ac^l of th« iiftnAr 

pleiiuj »•oroi'rt Infcrporttl»^ t.i ioc-ttrlc oh^.;«8 ovDlt«;! ir *v» 2-1 

i*n?.   Thl« r«oJ>l lncprror*t i a trapaaoldal rlvifom 4o   chUwj flnxirm 

utlllauirn   * th« «/oil •)!• fr»-' by-prc<Jjct rropulslon, but oro'enrvd th« 

nod«! Vmcth to vh'^v« «ffici r.t, dlffusloo «id noüil op^n for nixlnu.* 

roll it1« iliij.   Th« planforji nun M sam In Figure 6.    'he chir-^t-rlatlo 

dlnmsica <f «h» -»odol «r   gimx in Fig« 9« 

uuro*^eful fr«« fll he toatr with this rndtl conf'nei th« 

flihilr?« of *h* 2-1) tMtffa   In Uv* initial Uats b«for« Uo diffuser Inlet 

\fut Mir lnet«ll«d this model ahc-ud at ability charioterlaticj sot^vhat 

8iAil«r to Ur.re observed in thd Initial i< tent« vith a flottlnfj grourd 

vcnrJ«    'Th«   riglnal atabllit»/ ch.*racteriatica v:d tha oreclfio rroblcm %r«a8 

«r« dj       *»d in rtr^raph 3«2.1.2)a   Tn« vidition of diffuser ialot vmllni' 

to ♦h« ry3t»-a in ror^ini*ion vlth tha «xintin^ forward lip droop greatly 

liirroved th«» ftAbllHy.   Fcwevi, la crd^r to acbieve rcnitive fctabllitgr 

charuurl-Hra in th« VD cwo   throv^boitt the o^mting iwLn, it va« 

nececc.jy to modify th«» rear pap fron the orlrinal sharp edited conficura- 

♦1o* to cne 1r«<»«'^r>rtMnr •» ♦r'rl'Unf» l^ip.    IV ra^nlMnp r»*»r pw p*rm*ir*r 

• 

17 



I 

It sha-A In rif• 8«   fSf. 9 tbows « UngStvliMl wAua tf.r«v:b Ui« 

IMif«!«   Br cOf«ont «(wf4fi«4tlon8 otn 6« ouily lu*r.tiil*d«   Tb« rlatf 

♦M11!4< flip f%rt f trcv r^itlv© fitihlllv/ «t too ri«tr ftp, which 

tllnln«ttd t.V uiKl*«lr\hlc co^liig tj-w^n th*» dii'fa'-r Irl» c *.-1 

»hvp Kif+i r«v ^%p.   T^^ i^-w-.tr^t orifiset tt tl1« ül1»-r*»r w r< 

Tisi»d to fwlniii a pcrtlir ot 'h' ^rouni cl«»f.vtc« lest by ^*v vf Uw 

fl^t, tr illi'c **«^',^• ^Kt th^AÄbs «qu4ts frmii cl«v%nci» («Alt 

fta) in ♦h» cut» cf w orllle   r'.rci by such « fiatf UalUü^ flap). 

fig« tft »hew? « f-ics of rhdtos   f Ü» Cfjf piodel ^proi?b- 

i*3 v.1 r« -ir.f tb« rlcw^r en » Uthwr, Roving tt t ▼•loclt/ of tprrox- 

in^tnl) lli f'i't r«r eveoic«   tr-njri thrust f^rco Bij-pll^i %i t tr*a KT- 

pr .tot of th«» lift ty^i^i is JUcuM'd in rarvrün 3a2*2.!t«   XU* gross 

»ight of »h» Ftroul at thi tir- of the tests vw 13*2 prinlsi th# instil- 

led hopsrpeiw vrroxtntt^ly 0.?; th« rpentin«; «Ititui« «rrroxiniUly 

V^* '}% of b/j).   No in-.tibilii/ vns not^d in ^l!h«»r roll cr a^ve, 

Folloving the qualitative fr«e flight test?, tKis nodel wtt 

rouplMt ijr #rilu%t*K! In th« static 'howp) case.   Co^l-te ground plan« 

prsösur« svr^yr wre "»ade   ver a rftn^e of rev gan ground clt'ftrnnc^s 

and a^lu^ of attack.   The flow rat« of air supplied to the rod^l vas 

•»Iso det^mln^d«   Th« rupply rres.aurs irr^dlately upstrecn cf the pririrj 

i«t notsl« was ".oni+ored cloauly during the tests to insure th. L its 

vala« r^rr^rant«! that vlilch existed with the original rrw»r plant 

instalUtic; •   Previous tests vl«h the nodel pover plnnt had indicated 

that tn essentially flat f&n charsotenstic existed in the codel opsrat- 

ing range.    The t'est setup is shown in Figs.  10 *nd 11.    The model is 
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invtrvtd b«vt««tb tht plf tlfiA) yrttoni plane« 

ft* srov-4-plr*.« p. w*i8u^»t «Aon^ Kith ♦iit tlr flc<« r«t« 

«wJ iwrrlf pr   »uri» d^*l, hi¥« b<Hn r-xlu^cl to gUt curves w ^h 

tf»icrit« th« r nir ptrforfwoo «ni 9iabilltj of tht «*M«   ft* «tnie 

r-rforavx» rrn^-nt^d v t* *• %lr hJM^wp%«i rtr tilu lift ( r^lflc 

hur.u>3««r) cvi ^ 'oand In P^r. IV, ilotte« v*ln t 4 ^ro-nJ clear- 

•r.# •■«••a^vr /p.v» Tu.^rtHp of Un r tlo cf totn r. 1» 1 •.r.^h-rjl vp 

^r* % to r' «'01^ «ur*«) or nn itf^otl*« 5 TäMO,   Th« C\t\ 1» this plot 

1« CTr^cu« tr th«» d«rl^B plmform lo«dlr| of 2.5 ^«5, but Bwt ♦« »•§ 

*«»»<il ftv..%rJ «Jciltlnnp.   Crti9-r>!ciUi t- this flf «r« ve ll" » of 

eonjtsat r^ir ^«p ^rrand cl^trvic« (h )•   • Urg« loertts« !II th# sr^o- 

I'lo h rn'i^r occirf «t « Mv-n T^loe of tho «ff^tlir« gnupi clear« 

vwo rv^aet^r rf^en tr* rear ^ip frvuni cl-i-anso Inc»^«'»». f.-c^. 1/4* to 

^^ iiiih 'y • .rf "^ ♦« S12i',.   Tbi* is ^irllcul^rly nctlc-a»'*» at 

«r.'l*^ rf a*ta?k »jr^atHP ihvi ftrrro^init- ly 0#W ('»vrt.oj,   Ta »xplUa 

♦hi» ch»r»-t*r-i ti*», insider that U vshJ- *« an incrsar« in rev gap at 

a ''cns^ar.t Mu. 9   C th* »•ff*»ctiv',   rtai*J cJe»r.ViC» rärgster, It Is n»c» 

rf-aiy ♦« wduet ♦»•# an^l* cf att^^V.   *Zliit, in turn, ircrev*» tht 

tilf*>iff«»r ir»»a raMo nn, ••inaltt'/»«*!?/, tho diffur^r in^lu.i'd wit, 

*;.   Imrei-e In ir«»a ratio t^a-'a to create a sit'ntion of wceKfwilnx 

in th* iif'4r*r.   This r'nditlun, plus tho inoreve in alffusar n\el*, 

r'f'ilts in s^p.vAtlon in tho difluiur «id vndcratandaMo losses*   Xha 

d'»r.im vnlua of tV «ro'ind cleapance niramttsr for this r.odal 1« 0.02^ 
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«tlrt trL  <vA(ln of 4lt«cV u «j^roid^ii«!/ 0.75 d «p«^*. 

?►# pitch it'billijr chtr^w.jtioa In N»»*!» IMP» j^r«««*; U4 

la fit* y»   TUJ e)(«**«eUrlF^.o is rr<»'*'t»i •» • nc^-tfl* •»•lo««! pitch- 

IN- rwi'it vi^r^ th«» v.a'«» of rttiek fur «»«h to t, r»tr c«p w^nrnnce 

cf 1/*», l/ii,,f 'A* vd l/5t.   Ih**f cinr^ niivitli«ttvyiy öt»rrort tho 

^•••^uitri»'! rltch t.t<.'lU#T of tfc«i >-D no   1 if. fr^t fll^t«   Cowtrtson 

of H.* '•inr»» will »••»ni th«t th-«« is n« i**LntSlo tiNs*«"! fo- t»it var'o» 

♦ion rf trlJi rO» %lth r»ip IMP clcv»vot#   TJW trln v.-lo rtngei k>«ti«tn 

iTO vid rV4f ow» z*f**9»   Tftl- l*3k cf corr»3%tUn en K« ^'.tr^b.^t  to 

•«   f%;«<rri     1) j«M •rri*J lJ^*rcnt m '»"Ulnir* "l^'Mr* "• ♦n*. 

fr n rrT'-T^ J'p^HVitlo»;, v.d .'2) ^ mri* liuenritirltjr tf trlw «iglo 

♦   r v 9v pl^t*'«!^«   It if »yll#»vfci th t ^o Ivk cf crr^litlon ♦>•- 
ail* ♦*   n *Y.*   lojvr of tWf» r nred «^) cm »»• jUllvljr ' »r-'i' d.   Tho 

f '.*• rf ♦Hf jlt?vlrf r.r*.»nt U conv^ntUn»!, I,*., r    '.Mn-r s*   r, 

♦v-R v jut th* r^t r   ^ j-^/'cy. 

% ^     H«»m Mt«'nit^ c*-^) 

Th* >»»tv«» ctV lltty of thl^ «rd«!! Ir »r«   «•M *n fig. ^1 in 

♦»•r^ cr »•••r»',*,t*0 l^t -J^JW bv r*-iiir^1 11't,   r r ^1 ^rosc weight, 

w.*.,«j{i r» 4». T%r rl>i«*ono«   Ihl'« 'nfprr.itl^n ♦.i rreeented *or various test. 

%rtA a ft «ttnek.   It ia •♦•»•n frvi thin riot *u\*9 In »»n ril, v T/e 

rt^Klllty MXirts «it «11 ^r^iind cJcar^soa ifid at mgleo cf attack from 0° 

thr^vh ?.r60 with «ne'*ril to p^jptlw» ctiMllty V*L o^lw \ rev ^p   ' 

height of 1/h" at qn vigle of attack (a) equal to 2,86 degrees.    It" is 
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positive *«%*• ot*MIl*^r Cbtfi ilteri^cics doun tO ter« |ap cletftne». 

Th» dal« üso irt o«tw*J thv« if « pltcb-iown 9:cvm btlew tero degre« 

vigl# «f §♦♦**, % l«8J in f'rovrW ol«^«.iee will r«.icll«   This cbaracur- 

istio in«? BH cbtffnd li  IHI fr-w flight i«»lJ of th-* r9d«l« 

r.^.^.ii        T^» fei»t In1c>r*t^ rrcruMcj/'-DJ 

Li Itis atnHo «/iluricn of the   ?•} W Aodtl It vat found 

difflotlt tu .>uv« wnnPtt^lj   1*1 Ir.herent «nhnl aiw»«* horlz *t«l r»acti©n 

'♦»;   fr*-" ^-rrecuct |T.T'»?)»«vt Urvst) ' ^ ♦> t*'-. i-iU it^ltudt ©X thü 

forfe,   Ko^'jri v«l>« unr I.c-l,1» p«»»?v«f?,   Thl* fore» mnf b« MilMted freu 

♦^   t^^r »vvn J**%f If It 1^ % ^wu;*i U it •** «fr e^^-irv t;.* ^rf. th» 

si»:« »• —i «^ t»-* **hi«ii» l«%?4s U ri-fc' ^-il-j to tv«» .A>t   -' ♦» i* tin 

thrust <• •f'i<sl-nt is onltr. 

r-iv-oCA   v2 

•hero t     la th» total r^iir^tLrd rpojccUd seized v« cf tha 

•    ♦•  x' ror ••,»•.  n n 7 if th# ▼»»locl*.v molting frei a drivlrs i-m**** 

•» .i!, rn 'h^ v^yrire, to th« ncdel rlvitcm lo^ilrj, V •• -   T^   TU^- 0   S 
stitutlr,» this #xrr»8?lor into the previous exrrccoicn 

ijivc. f ► Z'Kfe) (i) 

At th^ opcrältn^; r ir.t ♦ha eati-i'ed fcrward prcrulaiTc thrust la «p- 

proximaUly 0.12 ll>«   Conparlng tikis volua to ona of approxirutf.!/ 1*3 lb. 

obtain«* from tft*» test^, !t *•«* hn •<ur.il8«d thet the air «soaping throush 

a 



I 

l7)# %iU /^I <!e*4 to at nn a.vl« ^llch i« ravernSXi for 'crwartf fro« 

pulftat» !•«., «i.^ tittich U cawldernHly nore rnarvvd thw» peiT«ndicul«r 

to tht C» <lde* 

3.r#X,5        PrftUartrtyy CverWatgp T^ats (3-D) 

Tfpon coniflftlon of th« stiele evaluttlen ef the DP-3 GSM, 

th» original pow.r Tl«it was rt-lnstalled to permit a quick, prel- 

iminary injl^ht Into the ovep»witer charactorlaties of this OW concept. 

FiK» 3? shows the !nod»X in stabli over-water operation.    These initial 

tests in        .   i l1 a'  "»»»re w^s •nsufflcient power installed for the 

vehicle to nccelernte Itself beyond hump speed.    When the model was 

accelerated ibove humr speed ^y »"i.-w of a self-releasing "tow-line1', 

' w   i found that the irte^rited rrofulf?ion ww adequate to ciuse the 

model to overtake th» *t* lint (resulting In release) nd to rontlnue m 

"tlanin^" op^rititri.    It is to he eirhnsized that stable operation re- 

sulted tcth h^low md a^ove hump speed, 

^.'. .,*' ^v»r l »rfofTmnce Conra^json  (3-D) 

rig,        ri^ll-vr ♦* Fi •• »   sho-.« e üomrarison of the 

rl»lrU rrrv.i^rä faTi r^Hf.ee ♦'cr U«. aiffuser-ricnu» etneept with 

rerformane« data for the etahllts^i V* model«   The 3«C data point re- 

»r»  i • *r* n ri'yif* r j i'f t,'.i' ->;*..    ..    :1 -i.-,  •   .-.  ;v.-i • 

scilpd to ard plotted %f \ planf m leading of ICO psf.    It will be 

noted t^at Conn Wer able »«if ianco Is Indioated,    This c.in be attributed 

to several ciusesi nodel öcile» Vd rflrTjnElciaal flow *n the riiffuser, 

and th« fit^blllty flraa.   Reoall| however, that this plot does ret 
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flow with C    • I, 

Irelutf« th« ferflPTAWKt ^e«efit» %^rruJ 'm 4« •fret* hori«ont*l 

tropulalv» thrust«   An wldtUtnal l"«» ff txpi^mattoQ defining th« %ir 

*>.or8«pow«f p«r«»etir or^lntte Is tHat U is related to total sealed 

rerlphernl snp ire% in «qua-» feet, 

3.^3 Sxlt jap Geofwlry 

CünMdefahle effcrt was exteM^ U l^Tlbe nathenat Ical- 

ly the lift und < haraeterlfftlca ©f t tf^lllng flap applied to the exit 

i?ap of the diffusep-plenum concept.    The irilysls ¥^ «ude assuming 

»ervailon of «usa and «nergy, ^nc-'llwer.slar.al,  ifvfscld,  iwowipressible 

d ccr^iderlng oT»e 'oot of exit flap width«   Two gen- 

xa-nlned:    thai of * straight rlapf  »nd that of an ellip- 

tical flsp« 

...   .' /"    ^ '     . 

TTie results of the straight flap analysis, derived in Appen- 

dix I are shown in Fi^. }k»   This figure dafInot the lift coefficient for 

variations    f the trailing flap slope, characterized bjr dimension b,  as a 

function of the ground clearance h#   Further analypis of the straight flap 

haracterlsticJ enuatton, from a^.lch Fig»  ^« we.'- dmwn, was raade to :*t#»r- 

inlne the   !oslcn <•» nfiguration«   This is the configuration rfilch would ^ive 

the maximum rate of charu'« tf !;ft with variation.«? In ground clearance, n 9 

<fn    q a7 
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«s a function of that ground elearanc« and th« flap slope«     Ihia was 

apeoiipll5h«4 ^r the simultaneous solution of the (tartlal <ferivativeB9 

tflth respect «oh and b of the straight flap ration »et e^ual t« 0« 

This analysis indicated that dimension b should e^ual the ffound clear» 

anc« h In order it* achieve this naxinum n«    At thii condition, A fas 

found to enual minus one quarter of the reciprocal of the grcund clear* 

ance.   The locus of the roints ol   i*- • irimu« m       shown in Plf. 31*» «nd 

CCITS at a corn»aril valtje of the non-di-- •      i -»Used lift coefficient 

eiual to 0,5. 

Although the • .-• • - • i equation for tha straiglit flap 

wi suff :iently simple ■ that the above nentioned locus could be qe*er* 

mine<i er.»irely from mathematical rcnsioerations, % ^rarhical rreeentation 

of this locus is .»iven in Fig« * »;%«»• u. »-r&tari.rvr f the sol- 

ution. From Fig« 3t> the relationship of h v^d b at the points tf »niT« 

•a vm easily determined and is :f-ert i m fig, 36»   The relatisnfhip 

♦hu* lefrmlned was that h should e^ual h to achl#»v«» ♦hlu »arlrnji vilue 

2*) of n, which Is eq-iil to ~±.   Thus, for ary desired c|»ra*ln^ ground clear- 

ance, the ^slijn flap   Imenslons mi ♦*•  rv*- f-larve- f-llft ^ith h can 

te determined« 

Pitch affects on the straight flap w^re lnv»»ati»at»»j, as 

leacrlbed In Arr^nüx 1,    The net effect of r!tchin< ^fl thn oporall<n cf 

ar initially stable system is cno of etabtllzatlon«    'n exanlnttton of the 

equation '10a) In  Ippenriix ]  inrt »h- accomf anyin • r.k«t'h .i,fv*s »hat pitch 

changes caure a change in the 'l-^p rlcpe, ♦»ff»»ctl,,«»l.v r»»rrer»rted h/ b 

f»ir to a^cut I'f).   A nf>«e up or ro^ttlve pitch ^roJuces an incf■ «ae In 
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... . .     • «J 

.1 
t>f • nos« doMi of AAgntivf |>lbci| nr©duo«8 a decreas« if) b«   iefertne« 

to Fife', )!♦ shgwf that an JnCftast la b lucr««««» tlif !lfi due to the 

flap, whll«  %d9Qm*39 in b hat an eppesli« «Tfe^t,    Beth tfte«« «ffeets 

<««M to rtttifll %h« eomplet» C>«tt»r t^ ♦.*.♦ •• Vulllhrlun «tttt^d«« 

;.?.?.?     gntpMeig nap 

Thm rwsultd r.f the »Illftlaal flop vtl^Biff Ciofltad In 

t)i# »pp«ndU, ar» shewn in Pi*.  )7t kfhtch dtscribei tht lift coefficitni 

for various •ccentr   itl«»# a« a function ©f gpouinl c1»«farc# ba   Since 

♦  ♦    "V^lcal flap cHractwla^Ies rwitlon, ffom which Tig* 37 was 

drawn, WT    r «     -TV* ra*nrt# *^       ♦ rwirafiw of the ror.fduration 

for» maximum m %if   filv.ary «ttlip^atletl m«»an^ 'roved to he teyond the 

••r    'C ♦     •♦a**«     f^ r»8,ltin^ •xrvmslann ve ^«»wp In Appendix 1« 

Ccnsentjently, It WM recesearjr fc» rev»Tt t    tic .•*^»hleal method det- 

»•lv      r!N»v «wJ.r ^r ♦►.♦• .•♦f   »►.♦ 11 4*   >♦•  •• !•/••* .f »■*•. j"    ht-* U»» 

pe'ni nfhir between hf fc, aH n,   Zt      rve through the mAJtinun fclntt 

of »he c .ry*   o* Fl/. *<*• ^ercriv#»f th« nxim«?-» nt* of itft change with 

ground f letrwee.   FT» ♦hr ar.ilv&i» of Fi/, 1^ tbia ra^i«"« rdt«» of lift 

c ar#'e «i   f T;   ♦•-. ciil - ^^r*)»    ^i" '^r/c Lis b»H»n crw»!i plotted 

an *\^«  <'.   if.»n 39 cv* be eo-eldered a "ieflrm" relatlonahlpi i«e«i 

ft» « ircl"!*^ t»».il «n frrurrS c>arirffe v U« cvnre ifrifte^ ♦he vn?«^ 

wf    wh4?h »»ill "auso nutlnwi m tc < "»•ir %♦ *he u'ltm /roani eieftranec» 

Xt can b« pen that for b valva »r»»at r thin ^.r0 »he cirv«   f h n a 

fanfftlon of b i* cßSPitiilly a straight line«   ^eiow o#»-o the relation- 

ship betwooa h c:J b, *& drtrrnlned frcn toa curve of Fig. IS deviates 

at an Inereaelnp rsti frew that wf leh venld Mtlsfjr the ««mie llwlt as the 
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Itmlght flap case, i«0.. ptaa through th« origin«   It la apparent thai 

la boUi caata, atraight nv4 •lUfU»aIl th« aolution ahould bocoaa 

«quivalint as b approachea t»f©» 

Pitch effacta en th« elliptic fUp were also inveatlgatad, 

a« dcaerlbe«! in Arpendix 1«   Aa lit the cese of the atralght flap, th« 

ret «ffect of pltehlrj! on an Inl-löljr stable nyste« ie «n« of atabll* 

Izatlon*   fjcamination of «ouatlon (hl)9 Appendix 1, «howa that small 

rlteh c^^ngei »rr^ctiveljr caus« t chtnge In 'he ecc«ntficlVy ratio of 

th« «lUpaet c^araoteriaed by ilmenalon h.    üeference ♦« Fig, 38 shows 

that an increase in b increases the lift coefficient, while a decreaae 

In b has an opfoeJte effect»   Both these effects tend to return the com- 

plete system to the equUibfiw attitude, 

A brief tnvestlgaticn rev*nle4 that there are at least two 

other methods of Integrating equation (1S)$ Appendix lt but the limita- 

tions of this rrogram (üd not allo« an ?xt«n9lre study of the results 

so obtained«   Cursory examination, howefer9 indicated that the elliptic 

flap oharaCtePistlo curve« eb+alned fron these other volitions would be 

Identical to those ohtilnec! by th« solution derived in the Appendix, 

elation C1|0)| fer fTlu^a 'f b greater than arrro/imately 0,50 even 

though the b^sic expressions differed« 

It should be pointed cut that foi» both the straight and 

eUlrUual flaps the c^aractnrirtia equations and their derivatives with 

respect to h eeas« to have ncanlng at Ti * 0 and b ■ 0, at least in their 

presented forns«    At this point the c/rvessions become functions of 

tndetermlnaf« TAUOS.      Ihe VtltteS of tho expressions could possibly b^ 

found for h and b ■ 0 ly application of L'Hopital's rule, but this step 

«jain vaa b^ywni th«   cope of Oils program« 
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!))• 9-0 (Hffuser-recircuUtlfln iiodel is shewn In figs« 6 and 

7.    Ihit iwdeX consist«^ «f • «ilamtlrlc si let of the concept configuration 

witli • red'JC«^ (shcrteneil in ?-0) btse ve«.   Th« rurpose of this model w«a 

to evtleate th« ccu^inf between the eprosing diffuners, to determine the 

normt rf nnitt-vp «ir rent.'.red «nd %lso •he of foot of excess »tr on the 

•t^Hilt^ of the system.    It »r%5 not rossible to carry this study as far 

as h«| been intended dti« to time Uftitations,  wd cansec .enlly, only 

1 -»iltative obterva'ltms are available. 

It Mus noted thut "excess cycle airw tended to improve the s'sb- 

ility of the system, and th«t unstuMe coupling did exist between the op- 

pos'M diffMer  »u>t.   Sufflelent time did not exist to evaluate the geo- 

metrical virHhl«»s that were successful in the diffuaer-plenum case to 

determine thoif effect on eourUng«    It would be expected that these sime 

stability «omf>or*ntf w uld ^ we slellar results in this case. 

The data rrfscnlnd for the diffuser-pienura concept pitch case 

fi/r,   4 throat 27) einv#> •»V'rrpf»i%teljr corrected and arrlied to the 

i!ffus«r»fe<Jlreiilttlon %t»e#irt,    Vre the Sv iff edge se^ls are idertleal. 

^•er-'fet. tr pi,-, /* w^teli fr#"»w>*a ♦h» 'Jew available for r^clrffulation, 

Indlctte«  ft%f t.aire-'«p 'cr ••xcofi.i cvelo air) is renuired, and also t^.at this 
W 

reii^^-rt, *bf ?»aJ<»»jp air 'nction (1 • 7^-), increases only slightly with 
ws 

j.-trnA» in,» 0,    1*e #'Atr»   s «f the k jrv« in^cates that this reouirenent if 

•tsentlally const «r.t.   ^.i» <ic<juinented re^d for r.ake-up air supports the 

q-uiUMMve obserratlon tfcqt, •excess cycle air" improved £>-ntem stability. 
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It 19 Ifttltve* ft«** UM »iUvlen e« ilu« m* to ;h: v*" v-^ n^' *^«t 

♦..»..: 1 f» tiio    '/j tanl.   CoriMitwtly, «11 tho Pitch *«•• data ii AP- 

rXlc^l« M rrt* (i4«d*   ftiljr t^e bov^riiic r^rformnce petd b# »<^3tfUd« 

U^ fyi*-i**$ «4V*t!cA c*^r*öU Ul« n*rv^*^t 

r^       -r2^        a*^) a-^Mi-r) 

h 

r 
Jl - ^J, rf < h !• itflmd by fir« dl+c n*ctv. f r *tt rr*". ye 

♦• 

ft 
lost cf tM -r*»!»^,  * : th« tef« fl - ~) ceri¥5t:  f r tf» mXe- .p tir 

■■ 

p»* li*3«   F rth i» «•rr '♦**.'* ^ ct »■   •n»» f r *u*'f* 4^»':>. cf the 
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li.l 

f*"7,s^ 3 

v^rt d«H90d to jvwr'iosv U't inh«r«at lnti^ilttl«99   Thtso install« 

ltd-» r «.cl^J Trc^ a ttroi^ d-*t«b*luif^ Un* «I tl- d:rru w IrUt 

dov» to b^iOu*uU 'fffcCt wMch o-su-r»-' v»,tn tM d^Tt» *r i^lut F-ourd 

clfvanst d*i**v 1 bfllww ♦hn d«^fn v«ln««   tho gecgitirie«! »dtfiCA« 

tUn» wiul^'i to e »rcc^f tJ.# »*f*ihiliilr^ forct consiotod of '«ntliu: 

tHo dlf^FT lf»l«»t to *tnoöfh«r!o rwnip'x», oxtendixig tho for^ttl Up 

<** 'iw» diff .»-P ir.M, m* rrl*iattT!f ♦>»• rrlrwry J«t outlot to prorid» 

« roil*lv» .let PontfitaiU«! to ♦►• st^mty of the aytto«« 

■,.* *w 4". l»#t pcftitif» »tr ilit.r jhir^ct^rl'tlc« ftr tht cif- 

''^r'-rlujjrt VI »odol, !♦ nt? r»c»sf«Tr to wocifj ♦!•» rt^r #rlt s*or**fy 

V IflfrrptrAt'  t ♦r^ülr.» .'.rfr»#,   >i' »vJKieatlor irofld#i t f^ltlva 

ftthlllty €On^fl»3Ut1on «t thit loö%tlort r.<J oll»nlr«tee Uio uri4«»»ira>jl« 

Cifllv »^l**»i pr^T wU'^y C??;IT i t»t« »n ♦/• n* ♦rt.?;' tM1, «, thvp-ti^l 

f\U pwvtr/ did ♦►.# Ulf 4Mr ln>t.   Hvhrt»!; J »u iJy**? of this ^x*t 

»^«•^.♦ry yore wndc to *ir 1*8 mi^Uity ^ wt r: »Icr. 

!♦•' Ih* P,«'ni*u,,#   f   n« inh»»r*.r.t int«»fritec rrcpjl&icn ir ♦he 

>C •JlffUarfr-rl^utAa Tiel wis 'c jii t« b- on tM »,r»ler of twlco that 

TT»»dlcic<l 1/ the rrevltu« r«rfcmanc# M^ijr/iua,   This iAcreaso ein b« &♦- 

tri^uted rrlnirlly to t^# ercarin/ 3*i l^nvln^ the vehicle %t an *n«le 

more fav^reM© to rrcmilalcn »hin had b«an originally arpumed«    klsot in 

the original pprforwanco es-lwato, nc accountInf v^s made for the rear- 

ward conponenl of the residual t-loc!tj crlotlng in the b-^s *rea# 
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'..'. On th« b«U» Of th« werk epnplaUJ, the UUif difftMtr- 

f^cUj* l*#lun corgepl »irriatt tW fXt^ftftlva InvMtifiilllOa Ch«l VU 

posBihU within th» wop« oT this progrvi«   fatur« r^s««reh ihould 

inolud« POP» 4elfti!«4 Invert l^^flow on ih« #ff*j», of exoojia ^lr m. 

coupling N»twetn th« oppoafng dlffu»«r iiil«tt. 
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